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Abstract 
The natural pozzolan of volcanic origin has a marked influence on the physico - mechanical characteristics of the concretes. 
When it is coupled to a water reducing superplasticizer by a correct adjustment of the composition, it greatly improves the 
concrete properties. The analysis of the experimental results on pozzolana concrete at 5% content and fineness of 9600 cm2/g, in 
a sulphated environment, showed that it contributes positively to the improvement of its durability with respect to the Chloride
permeability. This test was performed using the procedures of ASTM C 1202. The resistance of concrete to penetrating chloride 
ions was measured by the charge passed through two 50 mm disk concrete specimens maintained under an electric tension of 
60V during 6 hours by means of electrodes made of rustproof steel between the two cells of the two compartments. One of the 
faces of the specimen was in contact with 3% NaCl solution, and the other face was in contact with 0,3N NaOH solution. The test
was conducted at 28, 90,180 and 365 days 
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1. Introduction 
The concrete changes, observed in presence of aggressive agents, whether they are mineral organic or biologic 
are of chemical or physical order.The physical changes can be:  
In surface: abrasion, erosion, cavitation, spalling and exfoliation (Bentz et al; 1991). 
- Internal (cracks): structural loading, gradients of humidity or temperature, pressure of crystallization, 
exhibition to the extreme temperatures. 
-
The chemical changes are essentially due to acids, bases and to the saline solutions, they almost always drag the 
dissolution of the lime and the most often, in association with this dissolution the formation of the new compounds 
(Maher; 2000) whose consequences are of macroscopic order:  
- Mechanical: fall of resistance and rigidity, cracking and distortion of the material.  
- Physico-chemical: Weakening of the binding properties, modification of the porosity and the transfer 
properties (porosity, permeability, diffusivity). 
2. Sulphatic attack 
The sulphate action of internal source doesn't present any detrimental effects on the concrete because the formed 
hydrate is certainly expansive, but crystallizes in a paste of non enclosed cool cement, they evolve together to form a 
hardened concrete. On the other hand in the external attack, the crystallization of the hydrate makes itself in 
confined media such as the pores and its capillary expansion gives birth on the partitions of the porous network to 
pressures of traction causing expansion, cracking (Clifton et al; 1994) and finally bursting of the concrete (Hooton; 
1993). 
3. Mechanisms of concrete changes 
The sulphates can alter the concrete according to two physico-chemical mechanisms (Taylors ; 1993): 
- Expansion 
- Loss of binding properties of the C-S-H. 
3.1. Chemical interactions 
3.1.1. Secondary gypsum formation 
a)  Sulphate of sodium Na2SO4
Ionic substitution between the portlandite and the sulphates 
Ca (OH)2 + Na2SO4 + 2H2O                      CaSO4.2H2O + 2NaOH (Secondary gypsum, expansion) 
                                                                  
3.1.2. Secondary ettringite formation 
- from the residual anhydrous C3A
C3A + 3CaSO4.2H2O +26H2O                   C3A.3CaSO4.32H2O (Ettringite, expansion) 
- from hydrated aluminates (Monosulfoaluminates) 
C3A.CaSO4.18H2O + 2Ca (OH)2 +2SO4 +12H2O                    C3A. 3CaSO4.32H2O (Ettringite, expansion) 
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b) Sulphate of magnesium MgSO4
Double action: the formation of ettringite and the substitution of the ions Ca2 + in Mg2 +
- Formation of expansive products  
Ca (OH)2 + MgSO4                CaSO4 + Mg (OH)2 (Brucite, weak solubility) 
C3A + 3CaSO4.2H2O +26H2O          C3A.3CaSO4.32H2O (Ettringite,expansive) 
                                                               
- Substitution of the ions Ca2+ by the ions Mg2+ in the C-S-H 
C-S-H + MgSO4                 CaSO4.2H2O + (C, M)-S-H (Weakly cohesive) 
The silicate of hydrated magnesium (Mg-S-H) thus formed doesn't have any binding properties, and therefore the 
hydrated dough becomes soft and disjointed. 
The attack of the sulphates generates two types of products therefore, secondary gypsum lightly expansive and 
the secondary ettringite which is the main cause of concrete changes in sulphated environment. 
The aim of this study is to experimentally investigate the effect of replacing 5% of cement by natural volcanic 
pozzolana[4]  in the mixture of concrete (CZ) on the measure of the chloride permeability of the specimens exposed 
to solutions of 5% sodium sulphate ( Na2SO4) in comparison with control concrete (CC).
The specimens were stored for one year in drinking water (environment 1) and in aggressive solution containing 
5% sodium sulphate (environment 2). 
Checking the sodium sulphate solution once a week and replacing it if needed with a fresh solution ensured that 
the difference did not exceeded 5% from the initial concentration. 
4. Experimental mode 
4.1. Materials 
     
The materials investigated in this paper are: Aggregates, Cement, natural volcanic pozzolana and 
superplasticiser. 
Aggregates 
 Natural rolled sand obtained from a local river and crushed limestone with a maximum particle size of 16 mm 
made fine and coarse aggregates respectively. The size, the finesse modular (FM = 3.2), the sand equivalent value 
(SEV= 97%) and resistance to shocks (33%) confirmed suitability of both aggregates for high performance concrete. 
Sand density = 2, 60 g/ cm3
Coarse aggregates density = 2, 50 g/ cm3
Cement 
Portland cement (CPA-CEM-I / A 42.5) conforming to the Algerian standard NA 443, EN 197-1 and the  
AFNOR 15-301/94 NFP1 (which is mainly based on the European EN197-1).  
Specific gravity = 3100 Kg/m3
Specific surface = 322 m2/Kg 
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Natural pozzolana 
Natural volcanic pozzolana, extracted from the deposit Beni-saf (Algeria) was used as supplementary cementing 
material. 
Specific gravity = 2660Kg/m3
Specific surface = 960 m2/Kg 
Pozzolanic activity = 110 mg CaO/g (Chaid et al; 2004). 
4.2. Optimisation of natural pozzolana 
 A series of concrete mixtures with varying percentages of pozzolana was prepared aimed at increasing the 
compressive strength and optimizing the pozzolana dosage.  
The pozzolana content in the mix was fixed at 5% by weight of cement, Figure 1 shows the results. 
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Table 1. Chemical composition of the cement. 
IR-insoluble residue,   LOI-loss on ignition,   CaOl-free lime 
Eléments SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O LOI R.I
% 44,95 16,91 9,47 14,59 3,70 0,20 1,35 1,34 4,30 0,56 
Table 2.Chemical composition of the pozzolana. 
Fig. 1.Compressive   strength at 28 days, MPa
5 10 15 20
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Reducing superplasticizer  
The reducing superplasticizer used is the 3rd generation derived from polycarboxylates. The study of concrete 
composition is always to seek simultaneously two essential qualities: strength and workability, but these two 
qualities are linked to each other but vary in the opposite direction. The idea was to develop a dense concrete from a 
compact granular skeleton using cement and water and meeting the strength, durability and workability 
requirements. Its normal use scale is fixed by the manufacturer’s recommendation of 0, 5 to 2% of the cement 
weight.  
4.3. Optimization of superplasticiser 
The optimized superplasticiser content was 2% at 0.3 W/C ratio giving a slump of about 21cm.
4.4. Composition of the concretes   
The study of the concrete composition is to define the optimal dosage of aggregates, cement and water to make a 
concrete with required qualities: strength and durability. This study used “Dreux Gorisse” method of mix 
proportioning which is based on the size analysis (sand and gravel different fractions) (Lanchon; 1983) to 
investigate the use of natural pozzolana on the performance properties of concrete, two different concrete mixes 
were employed, details of which are given in table 4.The control mix and CC contained only Portland cement, mix 
of CZ the Portland cement was partially replaced with 5% natural pozzolana (by weight). All concrete mixtures 
were prepared according to ASTM C 192 standard. The super plasticizer was added at the time of mixing. 
4.5. Curing of specimens 
After mixing, concrete specimens were cast into the moulds as specified in EN 12390-2. Concrete cubes of       
280 x70x70 mm in size, and cylinders of dimensions 110Ø x220 mm were used in this investigation. The specimens 
were kept under laboratory conditions for a day, then removed and transferred to the curing basin. In the first curing 
condition, the specimens were immersed in water until the age of testing, while in the second curing condition, those 
were immersed in aggressive solution (5% NaSO4) until the age of testing. 
Super plasticizer 
 SP.30 (%) 
Freshly-mixed concrete Hardened concrete
 N° W/C Sag
cm 
Density
Kg /m 
Compressive strenght 
MPa 
1 1 0.25 5 2524 27 
1.5 2 0.25 8 2536 31 
2 3 0.25 14 2542 33 
1 4 0.3 15 2539 28 
1.5 5 0.3 20 2546 29 
2 6 0.3 21 2549 30 
Table 3. Optimization of super plasticizer content in concrete.
Concrete W/ C 
ratio
Cement 
kg/m3
Pozzolana
kg/m3
Water 
kg/m3
Gravel 
3/8 
kg/m3
Gravel 
8/16 
kg/m3
SPa
%
Sag
cm 
Density
kg/m3
CC 0,5 425 0 212,5 137 837 0 8 2430 
CZ 0.3 403.75 21.25 107.66 137 837 2 21 2596 
 Table 4. Mixture proportions and properties of concrete.
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5. Test methods 
5.1. Chloride permeability 
This test was performed using the procedures of ASTM C 1202 (2006). Soon after the specified curing periods, 
the periphery of the specimens was dried with paper towels and coated with rapid setting epoxy resin to prevent 
drying of the specimens during the testing. The epoxy resin was allowed to harden for up to two hours .The 
resistance of concrete to penetrating chloride ions was measured by the charge passed through two 50 mm disk  
concrete specimens maintained under an electric tension of 60V during 6 hours by means of electrodes made of 
rustproof steel between the two cells of the two compartments. One of the faces of the specimen was in contact with 
3% NaCl solution, and the other face was in contact with 0,3N NaOH solution. The test was conducted at 28, 90,180 
and 365 days. 
5.2. Results and discussion 
The figure 4 is graphical presentation of the results. 
The figure 4 gives an indication of the concrete’s resistance to the penetration of chloride ion. Concrete 
specimens were tested at 28, 90,180 and 365 days. The effect of curing conditions and replacement of pozzolana on 
chloride permeability of the concrete is presented in this figure.  
NaCL
3%
Voltage
regulator 
Anode + 
Cathode - 
Sample 
Fig. 2. Schematique representation of the chloride permeability 
experimental. 
Fig. 3. Test of the chloride permeability. 
Fig. 4. Variation of charge passed. 
28 90 365 180 
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The specimen concretes curing in water, the charge passed of the control concrete decrease from 3000 to 2614 
coulomb whereas the high performance concrete it decrease from 825 to 476 coulomb. 
The specimens kept in aggressive solution, the charge passed of the control concrete is decrease by 4,73% 
whereas the high performance concrete the decreasing was by 8,3%. 
The presence of pozzolana has a very beneficial effect on the chloride permeability of concrete with significant 
reductions in the charge passed. 
This reduction is more at later ages because the pozzolana modifies the microstructure of the concrete in terms of 
its physical and chemical characteristics. The introduction of this mineral into the cement paste leads to a 
segmentation of the larger pore and capillaries which reduces the amount of hydrated lime in the cement matrix.
6.  Conclusion 
Based on the obtained data in this study, the use of natural volcanic pozzolana replacing 5% by weight of cement 
in the mixture of high performance concrete influences positively the durability specimens concrete cured in 
sulphate environment. The pozzolana modifies the microstructure of the concrete in terms of its physical and 
chemical characteristics. It was observed that during the early stages, the filler effect results due to reduction in 
porosity. With aging, the pozzolanic action further evidence of densification and low porosity of the concrete due to 
the natural admixture by the formation of CSH with binding properties similar to those formed in mineral-based 
cements. I can be concluded that the mineral admixture improved the physical characteristics of concrete relatively 
to the control concrete sample. 
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